This study aimed to assess the association between chronic kidney disease (CKD) and the risk of pulmonary tuberculosis (TB) before initiating renal replacement therapy (RRT) in Taiwan. Total 16,052 subjects newly diagnosed with CKD between 2000 and 2012 were included in the CKD group, and 31,949 randomly selected subjects who did not have CKD formed the non-CKD group. Subjects with a history of pulmonary TB or RRT, including dialysis and renal transplantation, before the index date were excluded. We determined the incidence of pulmonary TB at the end of 2013. A multivariable Cox proportional hazards regression model was used to assess the hazard ratio (HR) and 95% confidence interval (CI) for the risk of developing pulmonary TB associated with CKD.
Introduction
The worldwide incidence of end-stage renal disease (ESRD) has remained relatively high for several decades, particularly in Taiwan. [1] [2] [3] [4] Thus, more than 2 million ESRD patients worldwide required dialysis or transplantation in 2010. [5] Patients with diabetes mellitus (DM), hypertension, and chronic kidney disease (CKD) are at a high risk of developing ESRD, [5] and this trend is also observed in Taiwan. [6] Thus, it is crucial to perform early detection and prevention of CKD before the development of ESRD, a condition that poses a considerable global health care burden.
CKD is a significant global health issue, with an estimated worldwide prevalence of 8% to 16%. [7, 8] Tuberculosis (TB) is responsible for >1.7 million annual deaths worldwide as per the most recent World Health Organization (WHO) report. [9] It is also related to conditions that increase the risk of active TB, including human immunodeficiency virus (HIV) infection and DM. [8] The association of CKD with altered cellular immunity, including malnutrition, hypoalbuminemia, uremia, and immunosuppression status, has been established. [10] The prevalence of DM, the most common risk factor for the progression to active TB, including pulmonary TB, is rapidly increasing in the world. [11] Individuals with concurrent HIV infection and abnormal kidney function are at a >30-fold higher risk of pulmonary TB. [8] Editor: Yan Li.
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Many studies have summarized and confirmed a 6.9-to 52.5-fold higher risk of TB in patients with CKD, particularly in those undergoing dialysis, than in the general population. [12] However, the exact relationship between CKD and pulmonary TB remains unclear, and few studies have reported on the high prevalence of TB among patients with CKD before dialysis, especially in Taiwan. We aimed to bridge this research gap by conducting a population-based cohort study using the claims data from the National Health Insurance database in Taiwan to explore the association between older Taiwanese patients with CKD who are yet to undergo dialysis and pulmonary TB, the influence of other comorbidities on the risk of pulmonary TB, and the difference in the risk of pulmonary TB in patients with only CKD and in those with CKD and other comorbidities.
Methods

Design and data source
Taiwan is a sovereign and independent country with more than 23 million residents. This population-based cohort study used the database of the Taiwan National Health Insurance Program. This insurance program began on March 1, 1995, and it has covered approximately 99% of the 23 million residents living in Taiwan. [13] [14] [15] [16] [17] [18] The details of the program have been well reported in previous studies. [19] [20] [21] This study was approved by the Ethics Review Board of China Medical University in Taiwan (CMUH-104-REC2-115).
Participants
We selected subjects aged 20 to 84 years with newly diagnosed CKD from 2000 to 2012 as the CKD group [the International Classification of Diseases (ICD) 9th Revision, ICD-9 codes 585-586]. To increase statistical power, for each subject with CKD, 2 subjects without CKD were randomly selected as the non-CKD group. The index date was defined as the date of diagnosis of CKD. Both CKD and non-CKD groups were matched for sex, age (every 5-year interval), and comorbidities. Subjects who had a history of pulmonary TB or who currently received renal replacement therapy (RRT), including dialysis and renal transplantation before the index date, were excluded from the study.
Comorbidities
Comorbidities that could be potentially related to pulmonary TB were included as follows: alcohol-related diseases, asbestosis, chronic obstructive pulmonary disease (COPD), DM, HIV infection, gastrectomy, pneumoconiosis, and splenectomy, as well as chronic liver diseases including cirrhosis, hepatitis B infection, hepatitis C infection, and other chronic hepatitis. All comorbidities were diagnosed with ICD-9 codes. The accuracy of ICD-9 codes has been examined in previous studies.
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Major outcome
The major outcome was a new diagnosis of pulmonary TB (ICD-9 codes 010, 011, 012, and 018) during the follow-up period. All study subjects were followed until they were diagnosed with pulmonary TB or to the end of 2013.
Statistical analysis
The distributions of sex, age, and comorbidities were compared between the CKD and non-CKD groups using the Chi-square test for categorized variables and the t-test for continuous variables. The incidence of pulmonary TB was estimated as the event number of pulmonary TB identified during the follow-up period, divided by the total follow-up person-years for each group. Initially, all variables were included in the univariable model. Next, variables found to be significant in the univariable model were further included in the multivariable model. The multivariable Cox proportional hazards regression model was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) for the risk of pulmonary TB associated with CKD and other comorbidities. All analyzes were performed by using SAS software version 9.2 (SAS Institute Inc, Cary, NC). Table 1 discloses the baseline characteristics of the study population. There were 16,052 subjects in the CKD group and 31,949 subjects in the non-CKD group, with a similar sex distribution. The mean ages (standard deviation) of the study subjects were 64.4 ± 13.1 years for the CKD group and 63.8 ± 13.1 years for the non-CKD group. The CKD group had higher proportions of gastrectomy and splenectomy than the non-CKD group (chi-square test, P = .02 and P = .01, respectively).
Results
Baseline characteristics of the study population
3.2.
Incidence of pulmonary tuberculosis of the study population stratified by sex and age Table 2 discloses that the overall incidence of pulmonary TB was 1.47-fold greater in the CKD group than in the non-CKD group (4.94 vs 3.35 per 1000 person-years, 95% CI 1.39, 1.56). The incidences of pulmonary TB, stratified by sex and age, were all higher in the CKD group than those in the non-CKD group. The CKD group aged 65 to 84 years had the highest incidence of pulmonary TB (7.1 per 1000 person-years). Figure 1 discloses that the Kaplan-Meier cumulative incidence of pulmonary TB was higher in the CKD group than the non-CKD group (4.72% vs 3.79% at the end of follow-up; P < .001). Table 3 discloses the risk of pulmonary TB associated with CKD and other comorbidities. Variables found to be significant in the univariable model were further included in the multivariable model. After adjustment for covariables, the multivariable Cox proportional hazards regression analysis disclosed that the adjusted HR of pulmonary TB was 1.45 for the CKD group (95% CI 1.27, 1.64), compared with the non-CKD group. Male (adjusted HR 2.04, 95% CI 1.78, 2.34), age (increase per one year, adjusted HR 1.05, 95% CI 1.04, 1.05), COPD (adjusted HR 1.54, 95% CI 1.36, 1.75), and DM (adjusted HR 1.34, 95% CI 1.18, 1.52) were other factors that could be related to pulmonary TB. Table 4 discloses the risk of pulmonary TB stratified by CKD and comorbidities. To reduce the potential confounding effects of comorbidities studied, as a reference for subjects without CKD and without comorbidities, the adjusted HR for pulmonary TB was 1.80 for subjects with CKD alone and without comorbidities 
Pulmonary tuberculosis associated with chronic kidney disease and other comorbidities
Risk of pulmonary tuberculosis stratified by chronic kidney disease and comorbidities
Discussion
We found that the overall incidence of pulmonary TB was 1.47-fold higher in the CKD group compared to that in the non-CKD group. This result is in agreement with previous reports; the incidence of TB in the CKD population is higher than that in the general population in China, [27] showing a relative risk (RR) of 31.4. Two other retrospective studies in Jeddah revealed the same conditions in 1999 and 2000, [28, 29] with emphasis on patients with chronic renal failure who have not yet undergone dialysis. In contrast, >50 articles were reviewed by Milburn et al [12, 30] and Hussein et al [12] that discussed the high incidence rate of TB in dialysis and post renal transplant patients.
The reasons for the high incidence of pulmonary TB in advanced patients with CKD involve their acquired immunodeficiency status resulting from abnormal functioning of the T cells, B cells, neutrophils, monocytes, and natural killer cells. [30, 31] A 2012 study not only explored the associations between T-cellmediated immune response and TB, but also determined the superior method that clinical physicians can use to distinguish active TB from latent infection. Moreover, vitamin D deficiency impairs monocyte function, reducing the production of cathelicidin, a peptide that is capable of destroying Mycobacterium TB [30, 32] and is commonly observed in stage 3 to 5 CKD. According to the guidelines of the National Institute for Health and Clinical Excellence (United Kingdom), the RR of developing TB is 10 to 25 in patients with CKD. [33] Patients with CKD who are yet to undergo dialysis and those on RRT, including dialysis Table 1 Baseline characteristics between chronic kidney disease group and non-chronic kidney disease group.
Nonchronic kidney disease N = 31,949
Chronic kidney disease N = 16,052 Data are presented as the number of subjects in each group with percentages given in parentheses, or mean with standard deviation given in parentheses. * Chi-square test. † t test comparing subjects with and without chronic kidney disease.
Table 2
Incidence of pulmonary tuberculosis estimated by sex and age between chronic kidney disease group and nonchronic kidney disease group.
Nonchronic kidney disease
Chronic kidney disease and renal transplants, may be at a higher risk of developing pulmonary TB than those with ESRD. Moreover, as per a study, the number of patients in the earlier stages of renal disease (stages 1-4) are likely to exceed by as much as 50 times those reaching ESRD (stage 5) [34] ; therefore, the potential global health burden along the entire spectrum of CKD is considerably underestimated. The diagnosis of pulmonary TB is usually delayed in populations with renal disease, especially in earlier CKD stages because of atypical and nonspecific clinical manifestations. Thus, more attention should be paid to the risk of pulmonary TB in patients with CKD, particularly those who were not in ESRD and before dialysis.
It is noteworthy that patients aged 65 to 84 years in the CKD group had the highest incidence of pulmonary TB (7.1 per 1000 person-years) in the cohort. The elder patients with CKD were infected with pulmonary TB more easily than the younger patients, indicating the strong influence of age in CKD. This phenomenon revealed that the elderly were immunocompromised, and therefore, more susceptible to TB infection. Clinical physicians should be alert and attempt to prevent pulmonary TB infection in older or hospitalized CKD. [10, 35] In the present study, we also found that the risk of pulmonary TB was associated with CKD and other comorbidities. It is well known that immunity is compromised with age; therefore, older patients with CKD are at a higher risk of pulmonary TB. Men are affected more frequently than women, with a male/female ratio of 1.9 ± 0.6 for the worldwide case notification rate [36] ; this result was in agreement with our findings. Smoking, alcohol consumption, drug use, and air pollution may be attributable for this condition. [36, 37] COPD is also a major public health problem. It is the fourth leading cause of chronic morbidity and mortality in the United States and is estimated to rank fifth in 2020 in the list of global burden of disease as per a study by the World Bank/WHO. [38] COPD poses a similar health burden in China, the most populated country in the world. [39] Several studies have examined pulmonary TB and COPD individually, whereas few have discussed the associations between them. Furthermore, most articles have focused on the Western countries and were conducted approximately 40 to 50 years previously, [40, 41] were not representative, and did not match the current trends in the diagnosis and management of TB and COPD.
A nationwide survey on 13,826 adults in South Africa suggested that the strongest predictor of COPD was a history of pulmonary TB. [42] In a large population-based study conducted in 5 Latin American cities, the prevalence of COPD was 30.7% in patients with a history of pulmonary TB compared with 13.9% in those without such a history. [43] The 2 large-scale studies revealed results to our findings and likely meet current management demands; however, they did not focus on patients from the Eastern countries. Thus, owing to the above-mentioned Figure 1 . Cumulative incidence of pulmonary tuberculosis for subjects with chronic kidney disease and without chronic kidney disease (4.72% vs 3.79% at the end of follow-up; P < .001).
Table 3
Cox model measured hazard ratio and 95% confidence interval of pulmonary tuberculosis associated with chronic kidney disease and comorbidities. Variable found to be significant in the univariable analysis were further examined in the multivariable analysis. Adjusted for sex, age, chronic obstructive pulmonary disease, diabetes mellitus, and pneumoconiosis. † There was no event of pulmonary tuberculosis among subjects with asbestosis, human immunodeficiency virus infection, or splenectomy. Table 4 Risk of pulmonary tuberculosis stratified by chronic kidney disease and comorbidities. reasons and due to the cumulative global healthcare burden, further investigations should be carried out in the future. The final comorbidity, DM, showed a greater risk of pulmonary TB in patients with CKD compared to that in those without CKD. Thus is attributable to the fact that in DM patients, kidney function deteriorates with time. The natural course of DM leads to a higher infection rate of pulmonary TB in CKD populations than in those without CKD. Few studies conducted in Russia and other countries support this theory. [11, 44] Further studies on the mechanism and other aspects of DM management in TB patients are necessary worldwide.
Of all baseline characteristics in our study, similar distributions of sex and age were observed between the CKD and non-CKD groups. The CKD group had higher proportions of gastrectomy and splenectomy compared to the non-CKD group. However, few studies have reported that patients who underwent gastrectomy or splenectomy had an increased risk of pulmonary TB. [45] [46] [47] [48] Furthermore, 1 study was noted in Taiwan. [48] The above results indicate that physicians should be alert about the association of CKD and pulmonary TB in patients who have undergone gastrectomy and splenectomy.
Based on the results of the present study, the adjusted HR of pulmonary TB was 1.80 for patients with CKD without comorbidities (95% CI 1.45, 2.23). Thus, CKD may play an independent role in the risk of pulmonary TB before the appearance of comorbidities. Local clinicians, especially neurologists, must focus on the prevention of pulmonary TB infection in patients with CKD who have yet to undergo dialysis or in the ESRD stage. After considering other comorbidities, the adjusted HR increased to 2.54 (95% CI 2.10, 3.08) for subjects with the CKD and at least one of the other factors that we considered. The synergistic effect of CKD and comorbidities on the risk of pulmonary TB may be an indication for all healthcare professionals. We should pay more attention to lowering the infection rate of pulmonary TB in patients with CKD not only in Taiwan, but also worldwide, before they develop ESRD.
Limitations
The insurance claims data did not provide the serum creatinine level and microalbuminuria, and we were unable to evaluate the risk of pulmonary TB based on the kidney function. Early-stage patients with CKD might not have been included in the study by physicians' coding alone. Alternatively, more accurate tools, such as chest radiography and sputum culture are necessary for establishing a definite diagnosis of pulmonary TB. Thus, the actual incidence of pulmonary TB in patients with CKD may have been underestimated or overestimated. Second, the diagnoses of CKD and pulmonary TB require long-term observation because the clinical manifestation of the symptoms occurs late. Thus, the shorter observation period of our study may have been insufficient to estimate the risk of pulmonary TB compared with the substantially longer observation periods for natural history in clinics or hospitals. The associated variable measures may thus have been underestimated. In addition, this study included the baseline comorbidity information that was collected before establishing the study cohorts. Comorbidities that develop during the follow-up period may vary, and this may have influenced the estimated pulmonary TB risk.
Conclusions
We evaluated the risk of pulmonary TB in association with CKD and several medical conditions in the Taiwanese population using representative population-based data. We demonstrated that patients with CKD had a significantly higher risk of pulmonary TB than those without CKD. Other comorbidities may interact with CKD and exert a synergistic effect on the risk of pulmonary TB. CKD and pulmonary TB are common disorders; therefore, they have been studied in several countries in recent decades. Further studies on patients with CKD are warranted, not only for the prevention of ESRD, but also for decreasing the probability of developing infected pulmonary TB before ESRD. The understanding of comorbidities may yield important preventive and detective methods for reducing the infection rate of pulmonary TB. We believe that our findings will enable earlier intervention and protection from pulmonary TB in patients with CKD and should also be used worldwide. 
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